macroinvertebrate fauna is used to determine the functional status of the rivers/streams in various parts of the world: North America and Europe (Hawkins & Sedell 1981; Ramusino et al. 1995; Grubaugh et al. 1996; RosiMarshall & Wallace 2002; Hernandez et al. 2005) , South America (Fernandez & Domin-quez 2001; Callisto et al. 2001; Cummins et al. 2005) and Asia (Hu et al. 2005; Yan & Li 2006; Jiang et al. 2011) .
However, in South Asia especially in India some knowledge regarding the functional organisation of benthic macroinvertebrates is available from the Western Ghats (Sivaramakrishnan 1992; Burton & Sivaramakrishnan 1993; Sivaramakrishnan et al. 1996; Subramanian & Sivaramakrishnan 2005) , but is limited in the Himalaya (Nautiyal 2010; Bhatt & Pandit 2010 ) and the central highlands (central India) (Mishra & Nautiyal 2011) . In light of the above, a study was organised in two 3 rd order streams of the central highlands ecoregion to describe the taxonomic richness and functional feeding groups of the macroinvertebrate community and how it changes along the longitudinal gradient in the agriculturally impacted rivers.
Sampling rationale
The benthic macroinvertebrate fauna were collected at four stations in each river from December 2003 to March 2004 (Table 1) in order to generate information on the functional distribution of macroinvertebrates in the Ken and Tons rivers. Each station was sampled once during the above-said period. One-time intensive sampling in the dry-period was considered appropriate for such studies (Corkum 1989 (Corkum , 1991 . The dry-period extends from October to June but sampling was restricted to only the above-said period because long stretches of the river tend to dry up during the summer season (March to June), forming pools of various sizes and thus disrupting the continuum. There is a focus on the dry period because it accounts for a major part of the year (nine months) compared to the wet period (three Ag -agriculture, C -city, F -corest, T -town, V -village, C -cobble, P -pebble, B -boulder, R -rock, G -gravel, S -sand, Si -silt, Cl -clay. months) due to the monsoon from July to September (Unni 1996; Vombatkere 2005) . The composition of macroinvertebrate fauna remain relatively stable in the dry period than during the floods (Jüttner et al. 2003) . The floods replenish nutrients and particulate organic matter in the river, which sustain the food chains and thus these communities. The water temperature was recorded with the help of a digital temperature probe and pH through a digital pH meter. Current velocity was measured with the help of the float method (Welch 2003) . The substrate was categorized by measuring the substrate particle size (Minshall 1984) . Intensive sampling (20 quadrates of 0.09m 2 each) was performed at each station to cover all the possible microhabitats available within 200m up and downstream of the river. Lifting of stony substrates (boulder, cobble, pebble, gravel) and sieving of soft substrate (sand, silt, and clay) were adopted to collect benthic macroinvertebrate samples. The substratum in the form of small boulders, cobbles and pebbles were lifted carefully from the marked area and washed in a bucket full of water by dipping it a number of times to dislodge the attached fauna. The fauna that remained attached to the substrate surface were removed with the help of a brush. The bucket water was filtered through a 0.05mm sieve to retain benthic macroinvertebrate fauna (Singh & Nautiyal 1990; Habdija et al. 1997) .
The retained samples were preserved in 4% formalin for further analysis. Various benthic taxa were identified to family level with the help of different keys (Pennak 1953; Edmondson 1959; Edington & Hildrew 1995; Nesemann et al. 2004) . The family level studies have been successfully used to describe biogeographical patterns across large areas (Corkum 1989) . Family level identification is used to determine the functional feeding group (FFG) in the rivers (Ramusino et al. 1995; Merritt & Cummins 1996; Cummins et al. 2005) . The functional classification of invertebrate fauna depends on the feeding habits (Table 2) . A relative abundance of various taxa at the above stated sites was computed as a percentage of the total benthic macroinvertebrate count from 20 quadrates to determine the functional feeding groups. Functional similarity among the stations between these two rivers was determined from the relative abundance by cluster analysis (Ward's methods, PAST; http://nhm2.uio.no/norlex/past/download.html).
Results
In both the rivers, the water temperature and pH increased while current velocity decreased from upper to mouth zone (Table 1) . A total of 24 taxa belonging to three phyla were recorded: Annelida, Arthropoda and Mollusca. Arthropoda contributed to a maximum of 19 macroinvertebrate taxa in the community, while Annelida contributed to three followed by Mollusca (2) ( Table 3) . A general increase in the taxonomic richness was observed in the Ken from K1 to K3 while no change was observed from T1 to T3 except a relative decline at T2 (16). However, least richness was observed at K4 and T4 (Table 1) . Neoephemeridae, Caenidae, Leptophlebiidae and Thiaridae were the most abundant taxa at K1, K2, K3 and K4, respectively. However, Thiaridae was the most abundant taxa at all stations in the Tons except at T3 where Neoephemeridae was abundant (Table 3) . Collectors were the most abundant functional feeding group at all stations in both the rivers except at T2. The relative share of collectors decreased, while scrapers and predators increased in the Ken River (Fig. 2) . However, no trend (neither an increase nor a decrease) was observed in the Tons River (Fig. 3) . Cluster analysis indicated functional similarity in the lower zone (K3-T3) and mouth zone (K4-T4) of both the rivers (Fig.4) 
Discussion
The richness of benthic macroinvertebrate fauna varied slightly in the Ken while no change was observed in the Tons from the upper to the lower sections of the rivers. The taxonomic richness decreases suddenly at the mouth section of both the rivers as the substrate becomes homogeneous as observed for the Ken (Nautiyal & Mishra 2012) . Fish species diversity is reported to decrease considerably in the lower stretches of the plateau river -Betwa in the Bundelkhand region (Lakra et al. 2010) . However, the number of faunal elements was slightly high in the Tons compared to the Ken. Further, the taxonomic composition also differed in these rivers; higher relative abundance of insectsmayfly taxa (K1 to K3) except the mollusc at K4 in the Ken, compared with mollusc (except mayfly at T3) in the Tons (Table 3) , attributed primarily to the difference in the substrate types, as other features differ barely (Table 1) . Dytiscidae and Corbiculidae were present only in the Ken while Heptageniidae, Hydropsychidae, Hydroptilidae and Culicidae only in the Tons. These taxa are characteristic of their respective rivers. Several factors are involved in the structuring of benthic macroinvertebrate fauna: landuse (Miserendino & Pizzolon 2003), habitat variation (riffle, runs and pool; Groff 2006 ) and substrate heterogeneity (Minshall 1984) are some such factors.
Functionally, both the rivers are in a heterotrophic state throughout the length, because the collectors were dominant in both the rivers at all stations excepting a slight abundance of scrapers at T2. The dominance of collectors along the river length is also known in the tropical (Miserendino & Pizzolon 2003; Hyslop & Hunte-Brown 2012) and subtropical rivers (Burton & Sivaramakrishnan 1993; Jiang et al. 2011; Mishra & Nautiyal 2011 ) of the world. In an Indian Himalayan river Bhagirathi collectors are known to be dominant in the headwater zone (Nautiyal 2010) .
Longitudinally in the Ken and Tons collectors decrease while scrapers and predators increase marginally, as the width of the river channel decreases downstream of the river (Table 1) . A similar observation was also made by Hyslop & Hunte-Brown (2012) in a Jamaica tropical river. In the Ken and Tons, the percentage of scrapers increased with the increase in algal production (periphyton) as also appears where the use of fertilisers for agriculture leads to cumulative increase in nutrient concentrations from upper to lower stretches favouring the growth of benthic algae, thus accounting for the abundance of scrapers (Stone & Wallace 1998; Grubaugh et al. 1996) . However, the longitudinal increase of predators in the downstream part was attributed to the presence of fine sediment and gentle flow (Merritt & Cummins 1996; Schmera & Erős 2004; Principe et al. 2010) . The minute presence of shredders was noticeable at T1 and T3 in the Tons.
In natural streams the heterotrophic condition occurs due to dense riparian vegetation, while presently this condition appears due to the modification in landuse for extensive agriculture and urbanization. The Ken and Tons (1-3 stream order) are in a heterotrophic state. The River Continuum Concept (RCC; Vannote et al. 1980) , categorises the streams/rivers into headwaters (orders 1-3), medium-sized streams (4-6), and large rivers (>6). Since the Ken and Tons are 1-3 order rivers, they represent the headwater category. The predominance of collectors in them compared with dominance according to RCC suggests similarity in the functional feeding group (FFG) to a great extent. However, it is to be noted that the collectors in these rivers are likely to differ probably because the riparian vegetation is crop residues from agriculture compared to the forested headwaters postulated in RCC.
Conclusion
The central Indian (Highland) rivers Ken and Tons barely differ in the taxonomic richness, which is least in the mouth zone. The community structure differs among the rivers and a few taxa are restricted to either Ken or Tons. Despite structural difference, these rivers are functionally in a heterotrophic state as collectors are dominant at all stations along the length of these 
